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Abstract
We investigate the total decay rate of the (ground state) B
c
meson within the framework
of the relativistic constituent quark model formulated on the light-front (LF). satisfactory.
The exclusive semileptonic (SL) and nonleptonic (NL) beauty and charm decays of the B
c
meson are described through vector and axial hadronic form factors, which are calculated
in terms of the overlap of the parent and daughter meson LF wave functions. The latters
are derived via the Hamiltonian LF formalism using as input the update version of the
ISGW model. The inclusive SL and NL partial rates are calculated within a convolution
approach inspired by the partonic model and involving the same B
c
wave function which is
used for evaluation of the exclusive modes. We predict the partial rates for 74 exclusive SL
and NL channels and 43 inclusive partial rates corresponding to the underlying

b! c and














, where the theoretical uncertainty is dominated by the uncertainty in the






= 0:630:02 ps in a good agreement with the prediction obtained using the
nonrelativistic operator product expansion. We also predict decay rates for many specic
weak transitions of B
c
















! J= X decays we obtain 1:7%, 0:1% and 13:2%, respectively.
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Weak decays of hadrons containing a heavy quark present the most direct way to determine the
Cabbibo{ Kobayashi{Maskawa (CKM) matrix and to test our present knowledge of the QCD





bc system with open charm and beauty, is particularly interesting. The theoretical
interest in the study of the B
c
meson is stimulated by the experimental search at CDF and















[1]. A new preliminary OPAL analysis [2] nds two J= 
+
candidates with
the masses 6:29 0:17 and 6:003 0:06 GeV=c
2
. Recently the CDF Collaboration reported the
observation of B
c
in 1:8 TeV pp collisions using the CDF detector at Fermilab Tevatron [3].
The CDF results for the mass and lifetime are M
B
c








(stat)0:03(syst) ps. The physics of B
c
mesons has stimulated much recent
works on their properties, weak decays and production cross section on high energy colliders.
A comprehensive analysis of the

bc spectroscopy and strong and electromagnetic decays of the
excited states has been given in [4].
Similarly to D and B mesons, the ground

bc state is stable against strong or electromagnetic
decay due to its avor content and disintegrates only via weak interactions. The weak B
c
meson
decays occur mainly through the CKM favored b! c transitions with c being a spectator, and
c ! s transitions with

b being a spectator. Weak decay properties of the ground state

bc
including semileptonic (SL) and various exclusive nonleptonic (NL) modes have already been
discussed in refs. [5]{[7]. In refs. [6], [7] the B
c
lifetime has been estimated on the basis of
a modied spectator model, where the phase space for the free quark decay is modied to
account for the physically accessible kinematical region [6], or the

b and c quark masses are





using a modied spectator model and information gained from the calculation of
dominant exclusive modes is given in [9]. A careful analysis of the B
c
lifetime, performed using





carried in [10], see also [11]. The wide range of lifetimes 
B
c
reported in these papers, reects
the uncertainty due to the various model assumptions on the modication of the free decay
rates due to the bound state eects and the limited knowledge of the heavy quark masses.
Weak decays of charmed and bottom hadrons are particularly simple in the limit of innite
heavy quark mass, where the decay rate of a hadron H
Q
, containing a heavy quark Q is









). If this result were hold, the B
c




 0:3 ps, and B
c
decays would be dominated by c! s decay over

b! c decay
in the ratio of roughly 4 : 1. In reality, heavy hadrons are the bound states of heavy quarks
with light constituents. The inclusion of these soft degrees of freedom generates important
contributions due to the preasymptotic eects, like the binding eects and the Fermi motion
of a heavy quark inside the hadron. These eects have a signicant impact on the lifetime
and SL branching ratios. The leading nonperturbative eect is described by a distribution
function F (x), ("shape function"), which arises as a result of the resummation of the heavy
quark expansion [12] and has been also incorporated into phenomenological models of inclusive
decays, rst in refs. [13], [14], and lately in refs. [15]{[18]. The actual calculation of F (x) is a
dicult nonperturbative problem which in practice introduces considerable uncertainties in the
evaluation of the hadron lifetime. An important advantage of the bc system is the applicability
of a quark potential model treatment [4], [8], [19]. In what follows we assume that, instead of
2
QCD with its complicated dynamics of innite number of degrees of freedom in the light cloud,
we consider a constituent bound{state problem of a heavy quark interacting with a lighter one
via a potential. Then, using the formalism of the LF relativistic quantum mechanics [20], [21]




) of a heavy hadron. The internal motion of a heavy Q{quark inside the heavy avor





, which represents the probability







of the meson momentum and a







A priory, there is no connection between equal{time (ET) wave function w(k
2
) of a con-
stituent quark model and LF wave function  (x; p
2
?









there is a simple operational connection between ET and LF wave functions [22]. The idea is to
nd a mapping between the variables of the wave functions that will turn a normalized solution
of the ET equation of motion into a normalized solution of the dierent looking LF equation
of motion. That will allows us to convert the ET wave function, and all the labor behind it,
into a usable LF wave function. This procedure amounts to a series of reasonable (but naive)
guesses about what the solution of a relativistic theory involving conning interactions might
look like.







































is the free mass operator with m
sp
being the mass of the





























































= 1. It is wave
functions made kinematically relativistic in this fashion, that were used to calculate the form
factors of heavy{to{heavy and heavy{to{light exclusive transitions in refs. [20], [21].
A relevant feature of our approach is that both exclusive and inclusive decays are consistently
treated in terms of the same heavy quark wave function  (x; p
2
?
). So far, this approach has




[18], where it has been
found that the overall picture is quantitatively satisfactory. In this paper we extend previous




The paper is organized as follows. In Section 2, after a general overview of the model, we
set the framework for our theoretical calculation of heavy meson lifetimes in the LF quark
constituent model. Here we present general analysis focusing on calculation of inclusive SL
and NL decay rates. In Section 3 we apply the model to calculate various beauty and charm
decay rates of the B
c





the former case we include both weak annihilation and Pauli interference contributions to the
total width. Section 4 completes the paper with a summary and conclusions. Technical details
of the calculation are given in Appendix.
3
2 Description of the model
Without going into too many details, we present rst a short outline of the method of calculation
of heavy meson partial widths, which is discussed at length in [18]. We introduce the necessary
denitions and describe the main steps in the calculation of exclusive and inclusive decay widths
of the heavy mesons. We will make several strong assumptions to obtain a model as simple
as possible. Yet, we will check that it agrees, within reasonable limits, with available data




{meson decays, as well as with other theoretical predictions. We thus
feel condent that this model can be used advantageously to obtain rough estimation for other




Consider the SL decay rates rst. Instead of considering the exclusive modes individually we




decay) over all possible charmed nal states X
cd









. For the bottom mesons, the b{quark massm
b
provides a short{distance
scale that leads to a large energy release into the intermediate hadronic states. Therefore the




is typically much larger than the energy scale

QCD
which characterizes the strong interactions. It will be valid over almost all of the Dalitz
plot, failing only in the narrow corner region where the observed mass spectrum is dominated by
the two narrow D and D














































represents the charmed hadron continuum, including also the resonance states higher
thanD andD

. The usefulness of such an expansion rests on large energy release in the inclusive
decay.
Contrary to refs. [17], [18], where the exclusive decay rates in Eq. (3) were calculated using
the universal Isgur{Wise (IW) function, our calculations of the exclusive rates are not relied on
the Heavy Quark Eective Theory (HQET). Instead, they use the hadronic form factors that
depend on dynamics of specic channels. The relevant formulae are collected in the Appendix,
see Eqs.(A.5), (A.6).
Before calculating the inclusive SL decay rates we briey recall the necessary kinematics.























is the relevant CKM matrix element, L



































= 1, and W


























































is the 4{momentum of the lepton pair.






































where v is the 4{velocity of decaying H
Q
, and u = q=M
H
Q
























. It is convenient to scale all momenta byM
H
Q







































































































being the lepton masses, and

































t ((1 + t  s)W
4
(t; s) + tW
5




















 (t; s) =
q
(1 + t  s)
2
  4t; (11)
















































These expressions conclude the kinematical analysis. The next task is the calculation of the
hadronic structure functions W
i
.
2.2 The LF constituent quark model approximation for W

.
The theoretical treatment of inclusive SL decays of heavy-avor mesons carries a distinct sim-
ilarity to deep{inelastic lepton{nucleon scattering - this analogy has been used in refs. [17],
[18] within the framework of the constituent LF quark model. The approach is based on the
assumption of quark{hadron duality which means that the sum over a sucient number of
exclusive hadronic decay modes can be described in terms of partonic degrees of freedom. The
standard strategy is to represent all the states higher than the ground pseudoscalar and vector




Then the hadronic tensor W

is given through the optical theorem by the imaginary part of
5















































is the energy of Q
0





, describing the Q ! Q
0
W transitions, is



































In Eq. (14) the extra factor 1=2 corresponds to the average over the b{quark spin projections.
Equation (13) incorporates all long{range QCD eects in the nonperturbative distribution




















= 1, while hard
gluon corrections can be taken into account by perturbative methods and renormalization{



























































we hereafter understand the "constituent" quark masses
taken from a particular constituent quark model. The root x
 
is related to the contribution
of the Z{graph arising from the negative energy components of the Q
0
{quark propagator and
is prohibited by the (E
Q
0

















































































































where we have inserted the factor J
SL
 0:9 representing the eect of the radiative corrections
[24].
1










transverse momenta of the Q{quark. As a result, the expressions for the SL branching ratios are derived in close
analogy with deep{inelastic scattering. The same result has been derived [16] using the light{cone dominance
of SL inclusive B{meson decays, see also [23].
6
2.3 Nonleptonic decays.
The calculation of the NL decay rate closely follows the SL one. We expect H
Q
decays to multi-
meson states to proceed predominantely via the formation of a quark{antiquark state, followed
by the creation of the additional qq pairs from the vacuum. The eective weak Lagrangian,
e.g. for





















































: The lepton pair is substituted by a quark pair, and the Wilson coeents
c
i
are the perturbative QCD corrections that describe the physics between the W boson mass

















) =  0:631; (22)
obtained at next{to{leading order with the evolution of the running coupling constant being




) = 0:118 0:003. The inclusive NL rate






























. Following ref. [18] we let N
c











For the exclusive two{meson NL decays H
Q
! PP; PV; V V , where P and V are the lowest{
lying pseudoscalar and vector mesons, respectively, we use the BSW approach [26], [27]. There
are two main ingredients in this approach:



































This method which lacks a rm footing for the B meson, can in fact be justied in the case of
B
c
. Deviations from factorization arise from higher Fock components of the B
c
wave function
and therefore are of higher order in the nonrelativistic expansion.
By factorizing matrix elements of 4{quark operators contained in (20), we distinguish two
classes of NL decays [27] corresponding to two avor{ow topologies relevant for our discussion:
the so{called "tree topology" (class I) and the "color{suppressed tree topology" (class II). The
class I (external decays) contains those decays where only a charged meson can be generated
directly from a colour{singlet current. As before, we calculate separately the rates for the
































































. A second class of transitions (internal decays) consists of those decays in which







There is the third class of decays where the external and internal amplitudes interfere. These






























repectively, with  = O(m
b
). The term proportional to 1=N
c
arises from the Fierz reordering of
operators Q
2
to produce quark currents to match the quark content of the hadrons in the initial
and nal state after adopting the factorization assumption. This well{known procedure [27]
results in matrix elements with the right avor quantum number but involve both color{singlet
and color{octet quantum operators. We shall use the "naive" factorization approximation in
which one discards the color{octet operators
2
. In what follows we neglect the 1=N
c
corrections









In conclusion, we list the expressions used below to calculate the NL partial widths. The
exclusive two{meson decay rates are calculated using Eqs. (A.12){(A.15) given in Appendix.









are given by Eqs. (A.5),(A.6).











are given by Eqs. (A.18),(A.19). Finally,











, have been calculated using Eq. (19), where the
lepton pair is substituted by a quark pair and the prefactor  
0










for the external and internal inclusive decays, respectively.
3 NUMERICAL RESULTS
We are now ready to add the various contributions presented above and to estimate the B
c
life-
time. We rst summarize the input parameters that will be used in our numerical calculations.
The partial decay rates depend on the following set of parameters:
 the masses of constituent quarks building up nal mesons and multi{ hadrons and the













while the latters have been taken from the Particle Data Group publication [29]. Note


















of the pseudoscalar and vector mesons to the








































used in our calculations were taken from ref. [30]. The
2
To compensate for the neglected octet operators and other non{ factorizing contributions one usually treats
 = 1=N
c




meson mass is known with a good accuracy from the current quark model calculations




 the threshold values M
(0)
X
at which the hadron continuum starts; in our calculations we


















are the masses of the pseudoscalar and vector ground state
mesons, respectively.
For the radial wave function appearing in Eq. (2), the Gaussian ansatz of the ISGW2 model
has been adopted in which the main characteristic is connement. The oscillator parameters
have been taken from [19]. Their values along with the values of the meson decay constants






First, we would like to present an overview of dierent B
c
{decay mechanisms and their relative





decay modes corresponding to various underlying quark subprocesses. In Table




partial widths for two specic choices of the parameter M
(0)
X
. The left set of































and internal) exclusive and inclusive channels, respectively, for the

b! c decays. Our analysis
incorporates 54 exclusive SL and NL

b ! c decays and 29 inclusive

b ! c decays including
two baryon-antibaryon channels. The latters were calculated using the Stech approach [31].
We have also included the CKM suppressed





j = 0:08) which
















































(x) for the B
c

















dx (x  < x >)
2












= 0:09 for B
c
. The dierence in the values of 
2















Numerical values of NL branchings depend upon estimation of QCD corrections which give
contribution of order of 10%  20%
4
. The main uncertainty ( 10%) is related to the choice of
3





accounts partially for the two{particle stateD, which in our approach is included in the inclusive
rate
4
The treatment of radiative corrections in our phenomenological application is associated with large uncer-
tainties. In a typical hadronic process, there are several mass scales involved: the hadron masses, the quark




. For each case we then x the eective value of jV
cb








 1:56 ps is obtained. Our aim here is not to establish a new value of
jV
cb
j, but rather to illustrate how our approach works. Moreover, imposing the jV
cb
j constraint
strongly reduces the dependence of the predicted value of 
B
c
from the uncertainty related to
the choice of the continuum threshold
5
.











! D` are found to be 5:0% and 1:9%, respectively. The





the values for the form factors at q
2




= 0:155. The expected


















j = (3:1 0:5)  10
 3
. The calculated = ratio
in exclusive SL

B decays is 2:2, as compared with the experimental value of 1:4 0:6.








have been left as parameters
in the expressions for the branching ratios. For comparison, we show the corresponding pre-
dictions obtained using the Neubert{Stech [30] and NRSX models [33] and the world average
experimental results, as recently compiled in [34].
It is instructive to compare in details some theoretical predictions for the NL two{body





, we rst concentrate on the ratios of branching fractions in which these coecients cancel.













































 0:94 [0:88; 0:89]: (29)
Here we use the LF ISGW2 model as our nominal choice, and quote results obtained with
the models of refs. [30], [33] in brackets. The experimental results for these quantities R
1
=
1:11 0:23 and R
2
= 1:15 0:34 agree with the predictions and do not distinguish between the
models because the errors are still large. For the class I transitions to nal states which dier



























































 0:91 [0:88; 0:88]: (31)
a process. In principle this is not a problem, since the products of the Wilson coecients with the hadronic
matrix elements are scale independent. However, we employ simple model estimations of the matrix elements,
which do not yield an explicit scale dependence that could compensate that of the Wilson coecients. Instead,
the quark model calculations are assumed to be valid on a particular scale, typically   1  2 GeV .
5




lifetime one could be tempted to use the D
0
lifetime to eliminate the
similar uncertainties for the c ! s transitions. However, we refrain from this procedure, since our approach
applied to charm mesons is less reliable than for B
c
and probably more qualitative than quantitative.
10
The experimental values are R
3




, again in agreement with





















 0:44 [0:62; 0:32]: (32)






The transition operators drivingB
c
decays are the same that generate B andD decays. However
their expectation values are evaluated for the B
c
wave function, rather than the B and D wave
functions reecting that

b! c and c! s transitions proceed in a dierent environment. This
is illustrated by the results of Table 4, where we compare various B
c










We apply the strategy outlined in the previous sections to calculate dierent partial rates
and the lifetime of the B
c
. The critical point with regards to this issue is charm decay. Here the
energy release is not as comfortably large as it is in the case of bottom decay. As a result, our
estimations of the inclusive charm decay should be more sensitive to a hadronization model.
However, the inclusive charm decay contributes only 8% to the total c! s rate of B
c
. For this
reason we do not include any hadronization corrections in our calculations.
The results for the partial B
c
decay modes corresponding to the various underlying quark







. As in Table 2 we present the
numbers of the exclusive and inclusive channels included in the calculations. The number of
the exclusive

b ! c decays in the B
c




because of the interference
eects in the class III amplitudes (see Table 7)
7
. For comparison we also show in Table 5
the results obtained in [10], using the nonrelativistic QCD. Viewing this comparison with due
caution, regarding the model dependence and other uncertainties in the estimation of the decay
modes as well as the quark mass uncertainty for the inclusive prediction, it is reassuring that the
order of magnitude comes out to be consistent. Our bound state corrections are numerically a
bit larger than very small eects reported in [10]. For the sum of










) = 0:531 ps
 1
, while for the total c{decay contribution one
nds  
(c!s)
= 0:38   (D
0
) = 0:915 ps
 1






















) = 1:049 ps
 1 8
. Various branching fractions
can be also inferred from Table 5. For instance the SL branching ratio BR(B
c
! eX) is found




! eX). Details of our predictions for the partial

































Note that in the heavy{quark limit the fraction ratios R
i
, i = 1; :::4 equal unity.
7







b ! c rates have been calculated usig the values of the eective CKM parameter jV
cb
j listed in Table
2 for cases a and b, respectively
11




































































) = 0:061 ps
 1













) = 0:074 ps
 1
, even though the spectator c quark is no longer light. The contributions
from the pseudoscalar and vector nal states are 21% and 44%, that is not too much dierent
from the predictions of the ISGW2 model. For the SL c! s decays the recoil eects are very







) = 0:081 ps
 1
is dominated






(63:2%), because the avaiable energy is small.
In our phenomenological description we also include non{spectator contributions from weak






















































= 0:42 Gev, ~c


























) being the reduced mass of the

bc system. The result












has been estimated through the LF wave function  (x; p
2
?
) using Eq. (13) of ref. [35].
Note that because of the partial cancellation of weak annihilation rate and the eect of the
Pauli interference diagrams, no signicant uncertainty on the lifetime arises from the limited
knowledge of the decay constant f
B
c









similar value of  
PI





















) = (0:65 ps)
 1
; case a;  (B
c
) = (0:61 ps)
 1
; case b: (39)
One observes a dominance of the charm decay modes over b{quark decays. We consider the
dispersion in predicted values of 
B
c
as a rough measure of our theoretical uncertainty in




= 0:63 0:02 ps
 1
: (40)
Note that the exclusive





, i.e. 52% and 87%
of the total

b ! c and c ! s decay rates, respectively, In Tables 7,8 we compare our results
for the exclusive two{body NL B
c
decay modes with the results obtained using the BSW and
ISGW models [6] and with the results of ref. [7]. Adding the rates for twenty of these two{body
decay modes one nds 0:69 ps
 1
(BSW model) and 0:90 ps
 1
(ISGW model) [6] and 1:15 ps
 1
in [7], to be compared with our result 0:70 ps
 1
which is the sum of the rates of 0:67 ps
 1
for
c! s transitions and 0:03 ps
 1
for b! c transitions from Table 7,8.
Finally, we note that the experimental extraction of B
c
signal from the hadronic background
requires the reliable estimation of the branching fraction BR(B
c
! J= + X), because J= 
can be easily identied by its leptonic decay mode, while the experimental registration of the










) = 1:7%, BR(B
c
! J= +) = 0:1%, and BR(B
c
! J= +X) = 13:2%.
12
4 Summary
In conclusion, we have used a relativistic constituent quark model based on the LF formalism
to perform a detailed investigation of the B
c
meson partial widths and the lifetime of the
B
c
meson. The hadronic form factors and the distribution function were calculated using
meson wave functions derived from an eective qq interaction intended originally to describe
the meson mass spectra. In this way the link between B
c
physics and the "spectroscopic"
constituent quark models was explicitly established. For numerical estimates we employed the
LF quark functions that are related to the equal{time wave functions of the ISGW2 model.
In several important aspects our analysis goes beyond the quark model estimations derived
previously in the literature. In addition to the frequently discussed SL and the two{meson
exclusive decay modes, we have included 84 exclusive decay modes and 44 SL and NL inclusive
decay modes, that increases the total B
c
width by  30%. Account of the inclusive decays leads





= 0:63  0:02 ps, which is in fairly good agreement
with the estimate obtained non{relativistic QCD, 
B
c
= (0:55  0:15) ps [10] and also agrees
with the most recent CDF measurement [3] within one standard deviation.
To sum up, the LF constituent quark model makes clear predictions on the global pattern:
(i) a short B
c
lifetime well below 1 ps and (ii) a predominance of charm over beauty decays
among the NL modes.
Appendix
The vector and axial hadronic form factors relevant for weak SL decays of a pseudoscalar meson
H
Q
, containing a heavy quark Q, to a member of the lowest{lying multiplet of pseudoscalar or



















































































































































































































In what follows we suppress the indeces 1 and 2 (corresponding to the meson containing a quark{spectator
















































































dierential rates for a decay of a pseudoscalar particle into another pseudoscalar particle and



































































are the corresponding CKM matrix elements and the factor J takes into







= 1, and J  0:9;








) and J = 1. The dierential transition rate
































































































































), corresponding to q
2
= 0.






symmetry implies simple relations between various form factors:
F
1


























(y) is the Isgur{Wise function. For the realistic case of nite heavy{quark masses,
these relations are modied by corrections that break heavy quark symmetry. These corrections
10




we are not treating the daughter quark as heavy.
14




and D decays using the LF technique [20], [21]. We use the same
technique to calculate various form factors for the B
c
decays. The values of these form factors
at q
2
= 0 have been already given in Table 4.


















































































































































































and c = a
1
for the external two{body decays, c = a
2
for the internal two{body decays.
Finally, the partial widths of inclusive NL decays in which the nal state contains a charged



















































































One of the authors (I.M.N.) would like to thank Dr. Y.{Y. Keum and APCTP for the warm
hospitality. This work was supported by the INTAS{RFBR grants, refs. No 95{1300 and
96{155, and the RFBR grant, ref. No 95{02{04808a.
References
[1] R.Barate et al., ALEPH Collaboration, Phys. Lett. B402 (1997) 213
[2] OPAL Collaboration, "Search for the B
+
c
meson in Z decays", contributed paper to the
18th International symposium on Lepton{Photon interactions, 28 July - 1 August, Ham-
burg, Germany
[3] F.Abe et al., The CDF Collaboration, FERMILAB{PUB{98/121{E, hep-ex/9804014
15
[4] S.S.Gerstein et al., Usp. Fiz. Nauk, 165 (1995) 3 [Phys. Usp., 38 (1995) 1], Phys. Rev.
D51 (1995) 3613, S.S.Gerstein et al., hep-ph/9803433
[5] D.Du and Z.Wang, Phys. Rev. D39 (1989) 1342
[6] M.Lusignoli and M.Mazsetti, Z. Phys. C51 549
[7] C.{H.Chang, Y.{Q.Chen, Phys. Rev. D49 (1994) 3399
[8] E.Eichten and C.Quigg, Phys. Rev. D49 (1994) 5845
[9] C.Quigg, in Proc. of the Workshop on B{physics at Hadron Colliders, Snowmass, 1993,
eds. P.McBride and C.S.Mishra
[10] M.Beneke and G.Buchalla, Phys. Rev. D53 (1996) 4991
[11] I.Bigi, Phys. Lett. B371 (1996) 105
[12] I.Bigi, M.Shifman, N.G.Uraltsev, and A.Vainstein, Int. J. Mod. Phys. A9 (1994) 2467;
M.Neubert, Phys. Rev. D49 (1994) 3392; T.Mannel, and M.Neubert, ibid., 50 (1994)
2037
[13] A.Ali and E.Pietarinen, Nucl. Phys. B154 (1979) 519
[14] G.Altarelli et al., Nucl. Phys. B208 (1982)365
[15] C.H.Jin and E.A.Paschos, Phys. Lett. B329 (1994) 364
[16] C.H. Jin and E.A.Pascos, In Proceedings of the International Symposium on Heavy Flavor
and Electroweak Theory, Beijing, China, 1995, edited by C.H.Chang, and C.S.Huang, C.S.
(World Scientic, Singapore, 1996), p.132
[17] V.L.Morgunov, and K.A.Ter{Martirosyan, Phys. Atom. Nucl. 59 (1996) 1221
[18] I.L.Grach, I.M.Narodetskii, S.Simula, and K.A.Ter{Martirosyan, Nucl. Phys. B502 (1997)
227; Nucl. Phys. B Proc. Suppl. 55A (1997) 84
[19] D.Scora and N.Isgur, Phys. Rev. D52 (1995) 2783
[20] I.L.Grach, I.M.Narodetskii, and S.Simula, Phys. Lett. B385 (1996) 317; N.B.Demchuk,
I.L.Grach, I.M.Narodetskii, and S. Simula, S. Phys. Atom. Nucl. 59 (1996) 2152
[21] N.B.Demchuk, P.YuKulikov, I.M.Narodetskii, and P.O'Donnell, Phys. Lett. B409 (1997)
435; Phys. Atom. Nucl. 60 (1997) 1292
[22] F.Coester, Prog. Part. Nucl. Phys. 29 (1992) 1
[23] C.H.Jin, Phys. Rev. D56 (1997) 2928
[24] J.Nir, Phys. Lett. B221 (1989) 184
[25] G.Buchalla and A.J.Buras, Nucl.Phys. B400 (1993) 225
[26] M.Bauer, B.Stech, B., M.Wirbel, Z.Phys. C29 (1985) 637
16
[27] M.Bauer, B.Stech, B., and M.Wirbel, Z.Phys. C34 (1987) 103
[28] B.Stech, in Proceedings of the 2nd International Conference on B{physics and CP{Vilation,
Honolulu, USA 1997, edited by T.E.Browder, F.A.Harris and S.Pakvasa (World Scientic,
Singapore 1998) p.140; A.Buras, to appear in Probing the Standard Model of Particle
Interactions, F.David and R.Gupta, eds., 1998 Elsevier Science B.V., hep{ph/9806471
and references therein.
[29] Particle Data Group, R.M.Barnet et al., Phys. Rev. D53 (1996) 1
[30] M.Neubert and B.Stech, to appear in the Second Edition of Heavy Flavours, edited
by A.J.Buras and M.Lindiner (World Scientic, Singapore), CERN{TH/97{99, hep{
ph/9705292
[31] B.Stech, Phys. Rev. D36 (1987) 975; H.G.Dosch, M.Jamin, and B. Stech, Z. Phys. C42
(1989) 167; M.Jamin, and M.Neubert, Phys. Lett. B238 (1990) 387
[32] CLEO Collaboration (J.P.Alexander et al.), Phys. Rev. Lett. 77 (1996) 5000
[33] M.Neubert, V.Rieckert, B.Stech, and Q.P.Xu, in Heavy Flavours, First Edition, edited by
A.J.Buras, and M.Linder (World Scientic, Singapore, 1992), p. 286
[34] T.E.Browder, K.Honscheid, and D. Pedrini, Ann. Rev. Nucl. Part. Sci. 46 (1996) 395
[35] F.Cardarelli et al., Phys. Lett. B332 (1994) 1
[36] M.B.Voloshin and M.A.Shifman, Sov. J. Nucl. Phys. 45 (1987) 292
[37] A.J.Buras and P.H.Weisz, Nucl. Phys. B333 (1990) 66
17




[30] used in the calculations.


















 0.41 0.44 0.88 0.45 0.56 0.43 0.54 0.92 0.30 0.33 0.62 0.38 0.44
f
PS
0.13 0.16 0.38 0.21 0.23 { { 0.42
f
V
0.20 0.21 0.41 0.20 0.27
















). We use the values of the CKM parameters
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j = 0:221. The CKM matrix element jV
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j is calculated using the ex-
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b! c + e + 
e
2 1 0.074 0.082

b! c +  + 

2 1 0.074 0.081

b! c +  + 

2 1 0.015 0.017

b! c + u +

d 12 6 0.313 0.358

b! c + c + s 12 6 0.123 0.135

b! c + u + s 12 6 0.016 0.018
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b! c + c +
















b! u 54 29 0.007 0.008
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= 0. In parentheses are given the
































(0) 0.622(0.683) 0.564(0.780) 0.089(0.293) 0.362(0.681)
A
0
(0) 0.477(0.678) 0.447(0.730) 0.050(0.214) 0.282(0.600)
A
1
(0) 0.447(0.623) 0.453(0.633) 0.045(0.170) 0.290(0.502)
A
2
(0) 0.390(0.556) 0.522(0.464) 0.040(0.155) 0.370(0.366)
V(0) 0.621(0.683) 2.17(0.777) 0.073(0.216) 1.50(0.663)
Table 5. Inclusive B
c







This work ref. [10]

b! c + e + 
e
2 1 0.061 0.075

b! c +  + 

2 1 0.061 0.075

b! c +  + 

2 1 0.013 0.018

b! c + u +

d 12 6 0.259 0.310

b! c + c + s 8 6 0.102 0.137

b! c + u + s 12 6 0.013 {

b! c + c +
















92 58 0.531 0.615
c! s + e + 
e
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c! s +  + 

2 1 0.077 0.162
c! s + u +
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PI   0:100 -0.124

tot
148 86 1.535 1.914
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Table 6. SL and NL external partial rates for
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The values of the CKM parameters used in the calculations are the same as in Table 2. The
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Figure 1: Distribution functions F

b
(x) for B
0
and B
c
mesons.
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